The teleost Astyanax mexicanus is extant in two readily available forms. One that lives in 9 Mexican rivers and various convergent forms that live in nearby caves. These fish are born with 10 eyes but in the cavefish they degenerate during development. It is known that the lens of cavefish 11 undergoes apoptosis and that some cells in the neuroretina also die. It has not been described, 12 however, if glia and various components of the neuroretina form before complete eye 13 degeneration. Here we examined the development of the retina of the closest living ancestor that 14 lives in the rivers and members of two lineages of cavefish. We report that although the 15 neuroretina is smaller and more compact, it has all cell types and layers including amacrine cells 16 and Muller glia. While various makers for photoreceptors are present in the cavefish inner 17 segments, the outer segments of the photoreceptors in cavefish are missing from the earliest 18 stages examined. This shows that the machinery for visual transducing discs might still be 19 present but not organized in one part of the cell. It is interesting to note that the deficiencies in 20 Astyanax cavefish resemble retinal diseases, such as retinitis pigmentosa. 21 22 23 Keywords: cavefish, retina, degeneration, development, outer segments 24 25 Protas and Jeffery, 2012; Culver and Pipan, 2016 ). The Mexican tetra, Astyanax mexicanus, 32 provides a particularly good window into how adaptive changes of visual networks occured in 33 response to a life in darkness. This teleost is undergoing allopatric speciation and is extant in two 34 readily available forms: an ancestral, river-dwelling form (surface fish) and various derived, 35 cave-dwelling forms (each one named after the cave in which they are endemic). Mitochondrial 36 DNA sequences, as well as morphological differences, suggest that cave forms are divided into 37 two lineages. Both lineages contain eyeless fish populations, lending support to the idea that eye 38 loss has evolved various times. One lineage (A) includes Astyanax cavefishes from the 39 Subterráneo, Pachón and Chica populations, as well as surrounding surface fish (Dowling et al., 40 2002; Porter at al., 2007; Gross, 2012; Bradic et al., 2013). A second lineage (B) contains only 41 cavefish from Los Sabinos, Curva and Tinaja, which are morphologically distinct in that they are 42 anteroposteriorially compressed having one less set of ribs, and are not related to nearby epigean 43 populations (Dowling et al., 2002). Studies in Astyanax have shown that although adult cavefish 44 lack eyes, eye development is nevertheless initiated during embryogenesis (reviewed in Jeffery, 45 2001 and 2009). The eye is formed in the early embryo but later arrests, and degenerates, 46 consequently sinking into the orbit. The lens itself undergoes apoptosis (Yamamoto and Jeffery, 47 2000) but since the eye is a developmental organizer for the forebrain its emergence remains 48 under evolutionary constraint until the forebrain is at least partially formed, then it is released 49 from adaptive pressure and degenerates (Retaux et al., 2008).
One of the hallmarks of troglobitic species is the absence of external visual structures. Darkness 28 has led to the degeneration of the visual system and as animals become more cave adapted their 29 eyes become smaller and eventually vanish completely. This gradual loss is true in all 30 troglobites, may they be invertebrates, salamanders or fishes (Barr, 1968; Fong et al., 1995;  Results: 141 142 We aimed to visualize various aspects of the retina to determine what aspects of the circuitry 143 were present during degeneration and which degenerated first. We mesured the size of the eye 144 and used Cresyl violet to determine its gross morphology. We then used multiple antibodies to 145 visualize the layers and components of the retina. Some features were confirmed at higher 146 resolution provided by transmission electron microscopy. species for all measurements). At 3 dpf, surface fish (SF) length was 37.1±1.6 mm, Tinaja was 151 37.4 (±1.4) and Pachon was 37.4 (±1.4). At 7 dpf SF length was 42.0 (±1.9), Tinaja was 44.3 152 (±1.8) and was Pachon 45.4 (±1.3). Eye sizes at 3dpf for SF were 2.9 (±0.3), Tinaja were 1.9 Pachon were 1.5 (±0.1). The ratio of body length to eye diameter at 3dpf was: SF 12.8, Tinaja 155 20.0 and Pachon 21.3; and at 7dpf to: SF 12.7, Tinaja 33.0 and Pachon 29.8.
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Overall eye histology in overall size while cavefish eyes decreased in overall size and became less organized. The IPL 163 of Tinaja had thickened and the RGC was thick with diffuse cell bodies. The ONL was compact 164 but it was difficult to locate the OPL or the photoreceptor layers, although some cells were 165 transverse to the plane of radiation. These cells could belong to the retinal pigmented epithelium 166 (RPE), but were lateral to the pigmented layer. Pachon did not have a pigmented layer but 167 followed the same pattern as Tinaja. The lens in the SF increased in size with age, while in both 168 cavefish the lens appeared smaller as the fish grew older. Neurogenesis is generated from the vertebrate Ciliary Marginal Zone (CMZ). The vertebrate eye 290 is structurally conserved, so that eyes of Astyanax share the same gross structure as other teleost 291 fish or mammalian eyes; containing a cornea, lens, vitreous, retina, pigmented epithelium, 292 Figure 10 . Transmission electron micrographs of 7 dpf fish show no outersegments in the photoreceptors. A) surface fish photoreceptors and retinal pigmented epithelium (RPE), outer photoreptor segments (OS), inner segments (IS), outer plexiform layer (OPL) and the top part of the inner plexiform layer (INL) can be seen. B) Tinaja cavefish, a pigmented RPE can be seen as well as photoreceptors with missing outer segments. INL with apoptotic cells cells can also be seen. C) Pachon with a degenerating RPE and disorganized OPL. Cell bodies of photoreceptors can be seen and note the presence of melanin in the RPE of surface fish and Tinaja. Scale bar 2um.
